The pulse method has been applied to measure the velocity and absorption of sound in liquefied argon, oxygen, nitrogen, hydrogen at 44.4 Me/sec. The experimentally determined attenuation (a) is cormpared with the calculated attenuation due to viscosity (cv s) and the results indicate that relaxation processes are not an important mechanism for sound absorption in any of these gases, except perhaps for hydrogen. Measurements were also made at 14.8 Mc/sec, but the attenuations were too low for satisfactory precision. Indications, however, are that the attenuation varies as the frequency squared.
I.
Introduction.
Measurements on pulses of ultrasonic vibrations have been used during and since the war to determine the absorption and velocity of sound in liquids. ' 2 Absorption is determined from the attenuation of the pulse as it traverses longer and longer paths in the liquid; velocity is determined by the increase in time required for the pulse to traverse the longer distances in the liquid. The oscilloscope presentation units developed for fire-control radar during the war render such measurements quite simple.
The present research is the application of this method to measurement of ultrasonic absorption and velocity in liquefied argon, oxygen, nitrogen and hydrogen. The primary effort has been placed on obtaining attenuations, since, to the author's knowl- II. 3aoimernt.
The electronic equipment used is essentially the same as that used in previous work on liquids 2 in this Laboratory, and no further description of it will be given here.
The tank containing the liquid sample traversed by the ultrasonic vibrations is designed to fit into a Helium Oryostat of the Collins type. 3 An isometric view of the equipment in place in the cryostat is shown in Fig. 1 
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is determined by the proportions of liquid nitrogen and oxygen used. The level of the liquid in this outer bath was always well above the sample on which measurements were made in order to minimize the temperature gradient over the ultrasonic path. For this same reason the outer bath was continuously stirred.
For the lower temperature measurements on oxygen, and for nitrogen and hydrogen the Collins ryostat was used to obtain refrigeration, as the oxygen-nitrogen mixture would not produce low enough temperatures. Holding the temperature constant is somewhat more of a problem with this equipment, but readings were taken quickly enough so that only on one oxygen run was the variation with time appreciably more than one degree.
Temperatures were measured in two ways. First, the system was closed off and the vapor pressure of the liquid was measured with a mercury manometer. Second a constant-volume helium thermometer in the cryostat was used. The vapor pressure measurement was satisfactory except in the case of one run on oxygen. Here a small amount of nitrogen impurity raised the vapor pressure above that of oxygen alone. The helium thermometer was quite satisfactory, but it is not a direct measure of the temperature in the liquid sample, of course. No lrge differences between the two thermometers occurred, fortunately, except in the case of the oxygen run mentioned above. Here there is an uncertainty of about 5 in the temperature reading.
IV. Purity of Samiles.
The purity of the gases from which the liquid samples used for these measure- The impurity in the nitrogen may have caused some change in the velocity of sound, since the value measured here agrees with that of Hirscalaff 6 rather than that of Liepmann (see Table I ). It should be mentioned, however, that the freezing point was not appreciably different from that for pure nitrogen. 
V. Reasults
The results are shown in Table I . Attenuation is defined by the relation p pe where x is the distance between the point where the peak pressure due to the sound wave is p and the point where it is p.
The velocity measurements are accurate to within 1 per cent. As mentioned previously, the value for nitrogen may have been influenced by the impurity of the sample, however. The value for hydrogen also differs somewhat from the published value 7 , but it is felt that the present value is the more accurate in this case.
On the basis of the reproducibility of the data and how well they fit the assumed exponential dependence on path length, an estimate of the maximum errors in the attenuation may be made. This leads to an estimate of 10 per cent or less for argon, hydro- is not eliminated.
In theory the total attenuation, which we measure, is due to viscosity, heat conductivity, and relaxation phenomena in the liquids. 8 The attenuation to be expected from viscosity ( via) is presented in No data on heat conductivity could be found for these liquids, so it has been impossible to take this factor into account. The data would seem to indicate that relaxation processes are not an important mechanism for sound absorption in any of these liquids, possibly with the exception of hydrogen. Here the aGi value is not so good as in the other cases since the viscosity at the boiling point was the only value available, and the measurements were made at a lower temperature.
In view of the relatively small difference between the measured and avis in nitrogen, any impurities present can hardly have caused a large variation in the attenuation.
No appreciable variation of attenuation with temperature was observed. This is especially noticeable in the case of oxygen. Measurements made within a degree or so of the boiling point of any of these liquids indicate an increased attenuation (attenuations of 0.27 cm1 l have been measured in nitrogen) but this is attributed to the presence of bubbles, and cavitation caused by the ultrasonic wave.
A magnetic field of the order of 1000 gauss was applied to the oxygen smple in our experiment to see whether this would produce a change in attenuation.
]
The experimental arrangement was such that a change of 1 per cent in velocity or 20 per cent in attenuation could have been observed, but no variations were noted.
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